SYNOPSIS
The analysis of the pattern of electrical activity and of individual motor unit potentials in the same muscle both identified about 90% of 41 patients as having a myopathy. The pattern of electrical activity was analysed during a force which was a fixed fraction of maximum; individual motor unit potentials were analysed during weak effort. The two methods supplement each other as some of the patients were identified only by one or by the other of the two procedures. The parameter of the pattern of electrical activity which was most often abnormal was the ratio: numbers of turns to mean amplitude between turns.
The pattern of muscular electrical activity recruited during full effort in myopathy is in most instances similar to that of normal muscle, but on closer inspection the individual spike potentials are shorter in duration and come with shorter time intervals. Willison has measured this change by counting the number of spikes (turns) and their amplitude, at a given effort (Willison, 1964; Rose and Willison, 1967) . The appearance of an increased number of spikes is to be expected from the shortened duration of motor unit potentials. When a weak muscle exerts the same standard force (2 kg) as a normal muscle the high incidence of spikes per unit time may be due to the activitation of more motor units and to an in¢rease in their firing rates or to more specific changes in individual motor unit potentials. To distinguish between these possibilities we measured the pattern of activity at a force which was a fixed fraction of the maximum force of the muscle (Fuglsang-Frederiksen and Mansson, 1975 (Buchthal, 1957) . Findings in patients were compared with those in controls matched for age (Table 2) .
3. Pattern of recruitment during moderate effort Number of turns, mean amplitude, incidence of short time intervals and of small amplitudes between turns (Willison, 1964; Fitch, 1967; Dowling et al., 1968) , and the ratio between turns and mean amplitude' were measured for five seconds of isometric effort at constant strength (Medelec APA 6). Ten sites were examined in each muscle, obtained by three insertions in proximal, middle, and distal parts of the muscle and by changing the depth of insertions in steps of at least 5 mm. The criteria of abnormality are given in 5. Wire electrodes compared with concentric electrodes Wire electrodes cause less discomfort than concentric electrodes. We have therefore examined whether they could be used for measurement of activity. The wire was insulated and had a bared length of 10 mm (0.08 mm in diameter). In control subjects the average number of turns with wire electrodes was the same as with concentric electrodes. However, the increased number of turns found with concentric electrodes in muscles of patients with myopathy was obscured when wire electrodes were used.
6. Measurement offorce The force was recorded with the elbow joint at a right angle on a dynamometer as described (Fuglsang-Frederiksen and Mansson, 1975) . Maximum force was tested twice before insertion of the recording electrode and compared with that obtained when the electrodes had been removed. Usually these measurements were identical within 5 %. Elbow flexion was examined at a force of 30 % of maximum, and the diagnostic yield was compared with that obtained when a force of 10% and a standard force of 2 kg were used. To evaluate whether correction for variation in the contribution of forearm flexors increased the diagnostic yield, turns were recorded simultaneously in m. biceps brachii and m. brachioradialis (34 patients). The procedure for correction of the force contributed by the flexors of the forearm has been described (Fuglsang-Frederiksen and Mansson, 1975 (Fig. 3) and only in these patients could the increase in turns be attributed to a change in the duration and the shape of individual motor unit potentials. The error implicit in the use of a standard force of 2 kg could not be avoided by using the ratio of turns to mean amplitude. In normal subjects the ratio was independent of the force for a force of 10-30% of maximum. When the force was less than 10% or greater than 30% the ratio was diminished (unpublished findings). In a third of M. BICEPS BRACH II (20 potients) the normal subjects a force of 2 kg was less than 10% of maximum force, while it was from 7% to 86% in patients with myopathy. (progressive muscular dystrophy, myotonic dystrophy, and congenital myopathy). The increase in turns was not systematically related to the decrease in maximum force, which was as much as 90%o (Fig. 4 ). An (Fig. 4 ). (Fig. 5) .
Comparison of diagnostic yield during moderate and weak effort In 10 patients, in whom the ratio of turns to mean amplitude was increased, the mean duration of motor unit potentials was normal. Conversely, in five patients in whom the ratio of turns to mean amplitude was normal, the mean duration was diminished. Thus, both with the ratio of turns to mean amplitude and the mean duration of motor unit potentials as criteria ofabnormality, 32 patients were identified as myopathic. Using all criteria of both procedures all patients, except one, were identified as myopathic.
Patients with polymyositis Three patients with polymyositis were identified as myopathic by the increased ratio of turns to mean amplitude and by the decreased mean duration of motor unit potentials.
ELBOW EXTENSION The diagnostic yield obtained with the study of m. triceps brachii was similar to that found in the m. biceps brachii. Turns were increased in four of 10 patients and the ratio of turns to mean amplitude was increased in five patients. The mean duration of motor unit potentials was diminished in five patients. One patient with normal duration had an increased incidence of polyphasic potentials. In two patients, in whom the ratio of turns to mean amplitude was increased, the mean duration of motor unit potentials was normal, and, conversely, in two patients in whom the ratio of turns to mean amplitude was normal, the mean duration was diminished. Using all criteria of both procedures, all patients, except one, were identified as myopathic.
DISCUSSION
Eighty-seven per cent of patients with myopathy showed abnormalities in the pattern of recruitment of electrical activity which must be attributed to changes in the shape and the duration of the individual motor unit potentials. The parameter which was changed most often was the ratio of turns to amplitude between turns at a force of 30% of maximum. Adjustment of the force to a fixed fraction of maximum avoided the false positive findings invariably associated with the use of a standard force of 2 kg.
For the group of patients as a whole, the diagnostic yield obtained with 30% of maximum force was the same as that obtained from the analysis of the individual motor unit potentials. However, in some patients only those motor units were involved which were recruited during strong or during weak effort. The increased ratio of turns to mean amplitude seemed to be the criterion with the best diagnostic yield. The ratio was increased, even in some of those patients who had normal or decreased turns; when turns were too low the patient did not exert maximum force or fibre loss was so severe that motor units were lost in toto. This is in agreement with the fact that the ratio of turns to mean amplitude was constant in normal subjects when the force was 10-30% ofmaximum.
Correction of turns for the force exerted by forearm flexors did not increase the diagnostic yield, although m. biceps brachii was often more severely involved than m. brachioradialis. On the other hand, in normal subjects, the relative contribution of the brachioradialis to the force was the same, above 20% of maximum, as indicated by the same relative increase in turns in m. biceps brachii and m. brachioradialis, when the force was increased 20%-30% of maximum (unpublished findings).
If this applies to patients with myopathy, the number of turns in the brachial biceps is not affected by the contribution of m. brachioradialis.
SUMMARY
In 41 patients with myopathy the ratio of the number of turns per 5 s to mean amplitude between turns during moderate effort (30% of maximum) gave a diagnostic yield of 70%. The total diagnostic yield increased to 87% when abnormalities in the number of turns per 5 s, the incidence of short time intervals between turns, and the mean amplitude were included. In the same muscles the decrease in mean duration of motor unit potentials identified 60% of the patients as myopathic. The diagnostic yield was increased to 89% if an increased incidence of polyphasic potentials was included in the evaluation. In 10 patients the ratio of turns to mean amplitude recorded during moderate effort was increased, whereas the mean duration of motor unit potentials was normal. Conversely, in five patients the mean duration of motor unit potentials was diminished and the ratio of the number of turns to mean amplitude was normal. When a standard force of 2 kg was used it could often not be decided whether an increase in turns was due to specific changes in motor unit parameters or to an increase in the number of motor units recruited in a weak muscle. This uncertainty was avoided when the force was a fixed fraction of maximum.
